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Incomplete closure of the tricuspid valve without ap-
parent cusp disease was noted on two-dimensionalecho-
cardiography in 31 patients. This abnormality was de-
fined as a failure of the tricuspid valve leaflet tips to
reach the plane of the tricuspid valve anulus by at least
1 cm in the standard apical four chamber view at the
point of maximal systolicclosure. This resulted in a final
systolic leaflet position deeper within the right ventric-
ular cavity than is normally seen. The finding was pres-
ent in the following diagnostic subgroups: Group A, pul-
monary hypertension (11 patients); Group B, rheumatic
heart disease (4 patients); Group C, dilated cardio-
myopathy (9 patients) and Group D, previous myo-
cardial infarction (7 patients). Right atrial, right ven-
tricular and tricuspid anulus measurements were made
and compared with those from a group of 67 normal
subjects. The results were as follows: right atrial end-
The tricuspid valve is usually well visualized by two-di-
mensional echocardiography. Accordingly, routine evalu-
ation of this valve is the rule with both the normal and
certain pathologic states being well defined (I). We have
noted , on occasion, a pattern of incomplete systolic closure
of this valve , in which the coapted leaflets do not reach or
approach as close to the anular plane as normally expected .
A similar finding of abnormal closure position described for
the mitral valve leaflets has been associated with left ven-
tricular dyskinesia leading to papillary muscle dysfunction
and mitral regurgitation (2). It was not known whether
equivalent disease involving the right ventricle is a reason-
able explanation for apparent incomplete closure. We be-
lieved that this relatively rare phenomenon should be better
defined in terms of underlying etiology and correlated with
other echocardiographic findings.
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systolicarea =27.2 ± 8.6 cm2 (normal =13.4 ± 2.0);
right ventricular end-systolic area = 25.6 ± 8.7 cm2
(normal = 10.9 ± 2.9); right ventricular end-diastolic
area = 31.5 ± 9.1 cm2 (normal = 20.1 ± 4.9) and
tricuspid valve anular end-systolic dimension = 4.0 ±
0.6 em (normal = 2.2 ± 0.3). The differences from the
normal data were all statistically significant (p < 0.(01).
Incomplete closure of the tricuspid valve, although a
nonspecific diagnostic finding, is primarily associated
with right-sided chamber enlargement. Tricuspid re-
gurgitation may be present. The mechanism could be
related to geometric changes in valve apparatus dynam-
ics secondary to right-sided cardiac enlargement and
tricuspid valve anular dilation. It is also possible that
previous right ventricular infarction with walldyskinesia
may impede correct closure.
Methods
Patient group. Echocardiographic incomplete closure
of the tricuspid valve was defined as a failure of the tricuspid
valve leaflet tips to reach the plane of the tricuspid valve
anulus by at least I cm at the point of maximal systolic
closure in the apical four chamber view . This degree of
displacement is markedly greater than normal and should
not be caused by technical discrepancies if the imaging plane
is correctly standardized (3). In addit ion , no evidence for
cusp thickening should be present and there should be no
doming. This abnormality (Fig. I and 2) was found by two
independent observers in 31 of a successive series of 6.000
patients undergoing routine two-dimensional echocardio-
graphic studies using ATL 300 and 500 systems . The 31
patients ranged in age from 2 to 81 years .
The patients were classified into four groups according
to their clinically established primary cardiac diagnosis.
These consisted of: Group A, pulmonary hyperten sion (II
patients); Group B, chronic rheumatic heart disease (4 pa-
tients); Group C, dilated cardiomyopathy (9 patients) and
Group D, previous (3 months to 5 years) myocardial in-
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Figure I. Apical four chamber view of the tricuspid valve. A, In
a riormal subject, minimal inferior displacement in the right ven-
tricle is seen . B, Case 13. Incomplete closure is seen in a patient
with rheumatic heart disease. Tricuspid regurgitation was not de-
fined at cardiac catheterization. LA = left atrium; LV = left
ventricle; RA = right atrium; RV = right ventricle .
farction (7 patients). Cardiac catheterization data were avail-
able in 21 patients. Pulmonary hypertension was defined as
a pulmonary artery pressure of 30/15 mm Hg or greater.
Echocardiographic measurements. Using a micropro-
cessor system, a mean of three measurements was deter-
mined from the standard apical four chamber view at end-
systole and end-diastole for the following lengths and areas.
1) Right ventricle: Area was measured using the endocardial
surface . The long axis was measured from the tip of the
apex to the midpoint of the anular plane. When the apex
was not clearly defined because of encroachment of the
transducer artifact, the identifiable area was measured. Me-
dial-lateral was a maximal dimension.
2) Right atrium: Area was measured using the endocardial
surface. The superoinferior dimension was measured from
the midpoint of the anular plane to the most superior point.
Medial-lateral was a maximal dimension.
3) Tricuspid anulus : The internal dimension was measured ,
from the attachment of the septal and anterior leaflets.
Normal group. The equivalent measurements were ob-
tained from 67 normal volunteers from the hospital staff
(aged 15 to 76 years) without known heart disease and
compared with the data from the patients with incomplete
tricuspid valve closure. A nonpaired t test was used for
statistical analysis .
Results
Clinical and echocardiographic data are summarized in
Table 1. Pulmonary hypertension, as defined, was present
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Figure 2. Case 18. Apical fourchamber viewshowing incomplete
tricuspid valve closure in a patient with dilated cardiomyopathy.
The view has been enlarged to emphasize the finding. Abbrevia-
tions as in Figure I.
in 18 of the 21 patients who underwent cardiac catheter-
ization and was moderate to severe in 14. Tricuspid regur-
gitation was noted in five patients, primarily in Group B
(rheumatic heart disease), but this was not always specifi-
cally sought since it was rarely clinically apparent. One
patient had tricuspid regurgitation found on radioisotope
ventriculography. Because of the retrospective nature of the
study, Doppler ultrasound was not used routinely.
Left ventricle. Left ventricular echocardiographic func-
tion and size are summarized in Table I. Global (general-
ized) hypokinesia was present in 14patients, including every
clinical subgroup. Regional wall motion abnormalities were
seen in Group D (previous myocardial infarction), reflecting
the site of myocardial injury. There was inferior wall in-
volvement in all patients in this group, with anterior or
lateral wall involvement in five. Abnormal interventricular
septal motion was present in 22 patients.
Right atrium, right ventricle and tricuspid valve. Right
atrial and ventricular measurements are summarized in Ta-
ble 2, with the exclusion of those patients in the pediatric
age group for whom we do not have a normal comparable
range. The remaining patients were compared with the nor-
mal cohort. There was a significant statistical increase in
size for all dimensions studied with probability (p) values
never greater than 0.001 (Fig. 3 and 4). Some overlap was
present when compared with data from the normal group
with the exception of the tricuspid valve anular dimension.
In the patients with past inferior myocardial infarction, four
had generalized enlargement of the right ventricle. Regional
abnormalities of the right ventricular free wall were not
sufficiently defined to establish any specific pattern in the
remainder of this group.
Discussion
Clinical correlations. We found that incomplete closure
of the tricuspid valve, as defined, was usually associated
with conditions that cause an increase in right ventricular,
right atrial and tricuspid anular dimensions. Evidence that
the valve does not actually close in systole was not apparent
from the anatomic two-dimensional echocardiogram, and
the term incomplete closure is a semantic compromise.
However, the finding was associated with tricuspid regur-
gitation, primarily in the group with rheumatic heart disease.
The fact that tricuspid regurgitation was not found in others
was most likely due to the lack of attention paid to the
abnormality both clinically and hemodynamically. Tradi-
tionally, it is unlikely that tricuspid regurgitation would be
sought in the clinical groups with incomplete closure of the
tricuspid valve other than in patients with rheumatic heart
disease. Accordingly, its absence in the remaining patients
cannot be implied even when cardiac catheterization was
performed. The diagnosis of tricuspid regurgitation is he-
modynamically difficult, even if especially sought. Im-
proved methods, primarily Doppler ultrasound, may settle
whether tricuspid regurgitation is a universal finding in pa-
tients with incomplete closure of the tricuspid valve. At
present it may be stated that the frequent finding of tricuspid
valve anular dilation in this group of patients is very sugges-
tive of regurgitation in view of the data published by Ubago
et al. (4) concerning the degree of tricuspid anular dilation
required to produce tricuspid regurgitation. In addition, a
recent study (5) found that incomplete closure of the tri-
cuspid valve was, indeed, associated with tricuspid regur-
gitation as assessed by Doppler ultrasound in a small group
of patients.
Possible mechanisms. The mechanical origin of incom-
plete closure of the tricuspid valve can, at present, only be
considered by inference, but review of the tricuspid valve
apparatus does suggest several possibilities.
Anular dilation. Anular dilation in association with right
atrial enlargement may distort the normal closure plane of
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Table 1. Summary of Clinical Data in 31 Patients
Hemodynamics Echocardiography
Age (yr) CXR PAP LV LV
Case & Sex ECG Heart Size (mmHg) TR Enlargement Function IVS Diagnosis
Group A: Pulmonary Hypertension
I 12F RVH + 125/60 N N Flat Primary
2 54F RBBB + 100/30 N N Para Primary
3 48F RVH ++ 90/30 N N Flat Primary
4 38M RVH + 90/47 N N Flat Mult pulm emboli
5 50F RVH + 87130 N N Flat Primary
6 2M RVH ++ 75/35 N N Flat Bronchopulm, dysplasia
7 61F RBBB +++ 75/25 N N Para Mult pulm emboli
8 20M IRBBB N 67/28 N N Flat Primary
9 72F ST-T + 60/37 N N Para COPD
10 40M RVH + 60/30 N N Para Pulm alv hypovent
II 50M IRBBB, AF + 54/38 N G Flat COPD
Group B: Rheumatic Heart Disease
12 72F IRBBB + 95/28 + N N Flat MS, TR
13 51M LPHB + 85/43 N N Flat MS
14 54M ST-T + 38120 + + N N MR, TR
15 53M LVH,AF +++ 16/3 + + G Flat MR, TR, AS
Group C: Dilated Cardiomyopathy
16 69M LBBB ++ + G N Idiopathic
17 67F RBBB,AF ++ + G N Idiopathic
18 IBM ST-T ++ + G N Idiopathic
19 45F ST-T +++ + + G Para Idiopathic
20 44M IRBBB ++ + G Flat Alcoholic
21 8M RVH +++ + G N Viral
22 47M RBBB,AF +++ 45118 + + G Para Post cardiopulmonary bypass
23 48M ST-T, AF +++ 28/12 + G Para Idiopathic
24 74F ST-T +++ 60/16 + G N Arteriosclerotic
Group 0: Post Acute Myocardial Infarction
25 50M ILMI + 40/15 N R N Inferolateral
26 66F IMI, AMI + 38/16 + N R Flat Inferior
27 64F IMI, AF + 28115 N R Para Inferior
28 65M IMI, AMI + N R Flat Inferoapical
29 81M IMI, AMI +++ + R Flat Inferior, anterior
30 81F IMI + + G N Inferior
31 75M IMI, AMI ++ + G N Inferior, anterior
AF = atrial fibrillation; alv hypovent = alveolar hypoventilation; AMI = anterior myocardial infarction; AS = aortic stenosis; Bronchopulm =
bronchopulmonary; COPD = chronic obstructive pulmonary disease; CXR = chest X-ray film; ECG = electrocardiogram; F = female; G = generalized
dysfunction; I = inferior; MI = myocardial infarction; ILMI = inferolateral myocardial infarction; IRBBB = incomplete right bundle branch block;
IVS = interventricular septum; LBBB = left bundle branch block; LPHB = left posterior hemiblock; LV = left ventricle; LVH = left ventricular
hypertrophy; M = male; MR = mitral regurgitation; MS = mitral stenosis; Mult = multiple; N = normal; PAP = pulmonary artery pressure; Para
= paradoxical; pulm = pulmonary; R = regional dysfunction; RBBB = right bundle branch block; RVH = right ventricular hypertrophy; ST-T =
ST-T wave changes; TR = tricuspid regurgitation; + = present or mild enlargement (CXR heart size); + + = moderate enlargement; + + + =
marked enlargement; - = not measured.
the tricuspid valve leaflets. Certainly, tricuspid regurgitation
has been associated with anular dilation in congestive heart
failure. Tei et al. (6), using an echocardiographic method
of reconstructing the tricuspid anulus, demonstrated such
an increase in tricuspid regurgitation due to precisely the
same clinical conditions we found to be associated with
incomplete closure of the tricuspid valve. Incomplete clo-
sure of the tricuspid leaflets may also be related to anular
dilation in the same fashion that mitral valve leaflet tissue
is repositioned in dilated cardiomyopathy (7).
Right ventricular dilation. The second possibility is that
dilation and elongation of the right ventricle in right ven-
tricular volume overload would alter and distort the relation
of the tricuspid valve apparatus to the valve leaflets. The
associated abnormal septal motion could contribute as a
result of right ventricular systolic or diastolic overload,
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Table 2. Right Atrial and Right Ventricular Measurements
Normal Group Group A (PHT) Group B (RHD) Group C (DC) Group D (CAD) Total
(n = 67) (n = 9) (n = 4) (n = 8) (n = 7) (n = 28)
RA end-systolic length (em) 4.2 ± 0.4 5.6 ± 1.0 6.6 ± 1.3 6.3 ± l.l 5.6 ± 1.2 5.9 ± 1.1
RA end-systolic width (em) 3.7 ± 0.4 6.4 ± 1.3 5.6 ± 0.4 6.4 ± 0.9 5.4 ± 0.8 6.0 ± l.l
RA end-systolic area (ern") 13.4 ± 2.0 25.8 ± 8.9 26.0 ± 6.8 32.8 ± 9.9 23.7 ± 5.7 27.2 ± 8.6
RV end-systolic length (em) 5.4 ± 0.8 7.6 ± 1.2 7.4 ± 0.7 8.8 ± 1.0 7.6 ± 1.8 7.9 ± 1.3
RV end-diastolic length (em) 7.1 ± 0.8 8.8 ± 1.3 8.4 ± 0.4 9.2 ± 1.2 9.0 ± 0.9 8.9 ± 1.1
RV end-systolic width (em) 2.9 ± 0.4 5.4 ± 1.0 5.1 ± 1.1 4.4 ± 0.9 4.7 ± 0.9 4.9 ± 1.0
RV end-diastolic width (em) 3.5 ± 0.4 5.7 ± 1.0 5.4 ± 0.1 5.6 ± 0.9 5.5 ± 0.9 5.6 ± 0.9
RV end-systolic area (cnr') 10.9 ± 2.9 29.0 ± 10.6 23.9 ± 6.2 26.1 ± 6.2 21.7 ± 9.8 25.6 ± 8.7
RV end-diastolic area (em") 20.1 ± 4.9 33.9 ± 11.2 30.4 ± 5.4 32.0 ± 6.7 28.7 ± 11.0 31.5 ± 9.1
Tricuspid anulus (em) 2.2 ± 0.3 4.0 ± 0.7 3.8 ± 0.3 4.5 ± 0.6 3.5 ± 0.1 4.0 ± 0.6
Data are reported as mean values ± I standard deviation. CAD = coronary artery disease; DC = dilated cardiomyopathy; PHT = pulmonary
hypertension; RA = right atrial; RHD = rheumatic heart disease; RV = right ventricular.
Right ventricular infarction. A third possibility is the
etiologic analog of incomplete closure of the mital valve in
that there may he regional right ventricular wall abnormal-
ities, specifically dyskinesia. We defined a group of patients
who had had an acute myocardial infarction in the past,
predominantly inferior myocardial infarction, and we found
no specific right ventricular regional abnormalities. In the
majority of these patients, generalized enlargement with
hypokinesia was more suggestive of cardiomyopathy or vol-
ume overload. That regional wall abnormalities can occur
in right ventricular infarction is clear from invasive and
noninvasive studies (8-13). For two-dimensional echocardi-
ography, this may require the use of nonstandard views as
proposed by D' Arcy and Nanda (9). In addition, right ven-
tricular infarction has been associated with tricuspid regur-
gitation (14). Godley et al. (2) noted incomplete closure of
Figure 3. Range of right ventricular (RV), right atrial (RA) and
tricuspid valve anular (TVA) dimensions (in em) in 28 patients.
d = end-diastole; L = length; s = end-systole; W = width. The
mean values ± I standard deviation are shown for the normal
control group.
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the anterior mitral leaflet exclusively in 86% of their patients
with left ventricular wall dyskinesia. We did not define any
specifically isolated leaflet involvement. However, in the
apical four chamber view, only the septal and anterior leaf-
lets are seen. It is of interest that right ventricular infarction
most commonly involves the posterior right ventricular pap-
illary muscle, which attaches to the septal and posterior
leaflets (15). Thus, the septal leaflet might in theory be
uniquely involved echocardiographically.
Clinical implication. We can regard incomplete closure
of the tricuspid valve as a descriptor of right heart disease
with several possible mechanisms as discussed. Right atrial
and right ventricular enlargement are usually present, but
the prime anatomic abnormality is an increase in tricuspid
anular dimension. This implies that tricuspid regurgitation
may be ubiquitous, and further prospective data are required
with special reference to the quantitative assessment. This
should also resolve the sensitivity and specificity of this
unusual echocardiographic abnormality.
Figure 4. Range of right ventricular and right atrial areas (in ern")
in 28 patients. The mean values ± 1 standard deviation are shown
for the normal control group. Abbreviations as in Figure 3.
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